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Interleukin-10 IL-12p40
Interleukin-12p40 IFN-γ Interferon-γ GM-CSF Granulocyte macrophage colony stimulating factor 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 debility and chronic illnesses and receive fu-zheng therapy (Block and Mead, 2003; 6 Sinclair, 1998). It is also used as a tonic herb in anticancer therapy for increasing the 7 body's resistance to cancer, enhancing the immune system, and strengthening the 8 physique (Block and Mead, 2003; Tan and Vanitha, 2004) . As recorded in the Chinese 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 clinical trials and animal studies have showed that Astragalus polysaccharide has an 1 anti-tumor effect (Huang et al., 2010; Song et al., 2013 In our previous study, a water soluble polysaccharide named RAP was purified 13 from the water extract of Radix Astragali. Its average molecular weight was 1334 kDa.
14 It was composed of Rha, Ara, Glc, Gal and GalA in a molar ratio of 0.03: 1.00: 0.27: 15 0.36: 0.30. It was found to be able to stimulate human peripheral blood mononuclear 16 cells to produce IL-1β, TNF-α, IL-10, IL-12p40, and GM-CSF (Yin et al., 2012) .
17
Regarding the underlying mechanism, it has been known that the activation of nuclear 18 factor-κB/Rel (NF-κB/Rel) was involved in the ability of Astragalus polysaccharides
19
to induce cytokine production of mouse peritoneal macrophages and RAW264.7 20 macrophages (Lee and Jeon, 2005; Zhao et al., 2011) . However, the exact molecular 21 mechanism of this induction has not been clearly elucidated . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), and DAPI were with voucher specimen number 2010 -3268 (Yin et al., 2012 .
21
The isolation and purification procedure is according to the previous study (Yin 22 et al., 2012 collected, dialyzed and finally lyophilized to obtain RAP.
4
The purified RAP is a water soluble heteropolysaccharide (Yin et al., 2012 In experiments to determine the effects of SB239063, PD184352 and SP600125 μM), PD184352 (25, 50, and 100 μM) and then co-exposed to RAP (100 μg/ml) for 11 24 h. At the end of treatment, the medium was used for NO, IL-6 and TNF-α 12 determination. the invariant housekeeping gene β-actin were designed using online website The glass slides were coated with rat tail collagen and put into 12-well plate. As shown in Figure 1A , both RAP and LPS exhibited no cytotoxicity towards 10 RAW264.7 cells except at a very high concentration (RAP at 1000 μg/ml and LPS at 11 1000 ng/ml. Thus, the concentrations of 30, 100, and 300 μg/ml of RAP and 100 12 ng/ml of LPS were set for further study. Neither RAP (30, 100, and 300 μg/ml) nor 13 LPS (100 ng/ml) alone directly affected the cell viability of 4T1 cells, compared to 14 the control group (100%), and the results were shown in Figure 1B . However, as 15 shown in Figure 1C , thus the contents of cytokines will be subsequently determined. and 300 μg/ml, RAW264.7 cells increased NO production to 16.38±0.50, 19.20±0.66, 12 and 20.21±1.80 μM (p<0.0001).
13
Similarly, as seen in Figure 2B 1 , IL-6 secretion increased from 2.86±4.95 pg/ml and NO induced by LPS (100 ng/ml) and RAP (30 µg/ml) (Figure 3 ), suggesting that
16
TLR4 might be a receptor of RAP, like LPS. As displayed in Figure 3A 1 To examine RAP-mediated signal transduction pathways in the regulation of between phosphorylated JNK and β-actin was also significantly increased from 2 0.39±0.14 (control group) to 1.44±0.20, 2.04±0.08, and 2.05±0.20 ( Figure 4E,   3 p<0.001) when cells were treated with 30, 100, and 300 μg/ml of RAP, respectively.
4
However, RAP did not influence expression levels of total ERK ( Figure 4D ), total 5 JNK ( Figure 4F ) or total p38 ( Figure 4B ) in RAW264.7 cells. all dramatically decreased TNF-α ( Figure 5G , 5H, 5I) and IL-6 ( Figure 5D , 5E, 5F) 17 production of RAW264.7 cells in a dose-dependent manner. Western blot analyses 18 also showed these three inhibitors blocked RAP-induced protein contents of NO, IL-6,
19
and TNF-α in RAW264.7 cells (supplementary information Figure 1 ). The nuclear factor κB (NF-κB) signaling pathway is an essential pathway in the 1 regulation of a wide variety of cellular genes, especially those involved in immune 2 and inflammatory responses. Degradation of cytoplasmic inhibitor, IκB-α, is a vital 3 step for activating the NF-κB family of transcription factors. Therefore, we firstly 4 examined the effect of RAP on degradation of IκB-α using Western blotting analysis.
5
As shown in Figure 6A , the protein content ratio between IκB-α and β-actin 6 dramatically decreased from 0.66±0.10 (control group) to 0.09±0.02, 0.09±0.06, and 7 0.10±0.02 (p<0.001), after RAP treatment at concentrations of 30, 100, and 300 μg/ml 8 respectively. Furthermore, we also investigated the effect of RAP and LPS on p65 8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 killer cells (Mills et al., 2000) . Our study found that RAP alone was not cytotoxic 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Astragalus polysaccharides may interact with TLR4 in affecting peritoneal 1 macrophages (Shao et al., 2004) . Our results confirm that TLR4 is involved in the 2 signaling pathways of cytokine production (Figures 3 and 5) . However, the existence 3 of a receptor recognizing RAP on macrophages other than TLR4 is also possible, 4 because TLR4 inhibitor did not completely inhibit of TNF-α, IL-6, and NO 5 production ( Figure 3) . Further experiments will be conducted for detecting other 6 membrane receptor and/or intracellular receptors. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 considered as a prototypical pro-inflammatory signaling pathway, largely based on the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 into the mechanisms of immunomodulation and new opportunities for rational 1 application of RAP. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 Toll-like receptor 4 and induce cytokine production by macrophages.
7
International Immunopharmacology 2, 1155-1162. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 Jiang, J., Wu, C., Gao, H., Song, J., Li, H., 2010a. peptide for 1 h, and then treated with RAP (30 μg/ml) or LPS (100 ng/ml) for 24 h.
19
NO production was determined by Griess reagent and the production of IL-6 and 20 TNF-α were measured by ELISA assays. Gene expression levels of iNOS, IL-6, and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 shown as the fold-change relative to the control group. Data are presented as 1 mean±SD. * p<0.05, **p<0.01, ***p<0.001, ****p<0.0001 compared with the 2 control group. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 control LPS (100 ng/ml) or control medium for 30 min. Cells were lysed and IκB-α RAP-induced protein levels of iNOS, IL-6, and TNF-α in RAW264.7 cells.
16
RAW264.7 cells were pre-incubated with various concentrations of inhibitor for 1 h,
17
followed by RAP stimulation for 24 h. After incubation, samples were subjected to
18
Western blotting for detecting protein volumes of iNOS, IL-6, and TNF-α. 
